Introduction {#sec1}
============

The last two decades have witnessed a renewed interest in the clinical study of psychedelics for the potential treatment of a range of mental illnesses,^[@ref1]^ including major depressive disorder,^[@ref2]^ treatment-resistant depression,^[@ref3]^ end-of-life anxiety,^[@ref4]−[@ref6]^ obsessive-compulsive disorder,^[@ref7]^ and addiction disorders.^[@ref8],[@ref9]^ In contrast to currently available pharmacotherapies for the aforementioned conditions, a remarkable feature of psychedelic-mediated approaches is the apparent lasting effect produced by a single dose of a drug.^[@ref10]^ Though more than 100 different chemicals built upon phenethylamine, tryptamine, or lysergamide scaffolds have been shown to produce characteristic psychedelic effects in humans mediated in part by agonist activity at the 5-HT~2A~ receptor in the central nervous system,^[@ref11]−[@ref14]^ the fungal natural product psilocybin was selected as the most suitable candidate to usher in the modern era of clinical research into psychedelics for several reasons. Psilocybin has been likely consumed by humans for thousands of years,^[@ref15]^ has been shown to be well tolerated across escalating doses (18--72 mg) with a clinically acceptable 4--6 h duration of action,^[@ref16]^ and is generally free from the manufactured stigma associated with other known psychedelic molecules, such as lysergic acid diethylamide (LSD). Additionally, it was previously produced and tableted by the Swiss pharmaceutical company Sandoz in the 1960s under the tradename Indocybin and supplied to researchers for clinical study.^[@ref17]−[@ref19]^ As with most psychedelic substances, scientific research with psilocybin was stunted considerably in the early 1970s, regardless of apparent therapeutic efficacy, with the passing of the Controlled Substances Act in the United States. Now that modern clinical activities have gained momentum and research demand for psilocybin is rapidly growing, a reliable kilo-scale synthetic approach was required to provide active pharmaceutical ingredient (API) under current Good Manufacturing Practice (cGMP) guidelines. To address the criteria needed for advanced clinical trials and the potential for commercial manufacture, a series of processes were developed and evaluated against attributes including amenability to quality by design (QBD) principles, reproducibility at scale in a cGMP environment, yield, purity, and cost. The second-generation synthesis of psilocybin described below has proven advantageous to these criteria.

Results and Discussion {#sec2}
======================

Overview of First-Generation Literature-Based Synthesis {#sec2.1}
-------------------------------------------------------

Given the availability of the literature precedent on psilocybin synthesis, the first-generation multigram-scale approach was adapted from several known methods.^[@ref20]^ The route depicted in [Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"} was based primarily on the published methods of Shirota et al.^[@ref21]^ and Nichols et al.^[@ref22]^ and ultimately provided 100 g of high-purity psilocybin, which enabled the initiation of clinical trials. Nevertheless, the first-generation route presented several challenges ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}) that were not well predicted by bench-scale development reactions that would limit the utility of this approach in large-scale campaigns.

![First-Generation Multigram-Scale Synthesis of Psilocybin](ao0c02387_0001){#sch1}

The problems encountered in the first-generation synthesis are delineated in the following:1.From commercially available 4-acetoxyindole (**1**) and oxalyl chloride, acyl chloride **2** was not isolated and telescoped directly into the formation of ketoamide **3**. Though it circumvented an isolation step, this process unavoidably introduced residual oxalyl chloride to stage 2, which reacted with excess dimethylamine to form the byproduct tetramethyloxamide, a persistent impurity in isolated ketoamide **3**.2.To accommodate the variable levels of tetramethyloxamide impurity, which was reduced to tetramethylethylenediamine alongside **3**, a large excess (10 equiv) of lithium aluminum hydride was found to be optimal at stage 3 to ensure complete reduction of all materials present and achieve a satisfactory conversion of ketoamide **3** to psilocin (**4**). Consequently, the resulting large volume of aluminum waste salts required extensive washing with tetrahydrofuran (THF) after quenching to maximize yield. The extended washing process was tedious given the reactive nature of psilocin, which is highly prone to degradation and forming blue oxidation products.^[@ref23]^3.The phosphorylation was accomplished at stage 4a by the reaction of tetrabenzylpyrophosphate (TBPP) with the lithium phenolate of **4** using *n*-butyllithium under cryogenic conditions. The reaction also produced 1 equiv of lithium dibenzylphosphate as a byproduct. Following the solvent swap, the resulting dibenzyl-protected phosphate intermediate **5** underwent a spontaneous yet kinetically variable benzyl migration at stage 4b in refluxing methylene chloride to precipitate zwitterion **5z**, as described in detail in Shirota et al.^[@ref21]^4.The phosphorylation of psilocin in stages 4a and 4b is a complex reaction and the parameters that influence the benzyl migration from **5** to **5z** remain little understood. As a result, the monitoring and in-process control (IPC) of stages 4a and 4b is complicated by the dynamics of all intermediates, products, and byproducts in flux. A key challenge on the multigram scale that was not predicted at the bench scale was the kinetics of the rearrangement of **5** to **5z**, which was found to be sensitive to control of temperature as a function of reaction volume and the resulting impact on the particle size of the precipitated solid product. In one instance, the large-scale benzyl migration--precipitation stage 4b yielded an ultrafine particle that significantly impeded the final filtration, which was further exacerbated by volatile methylene chloride mother liquors evaporating from the bottom of the filter plate under vacuum leaving behind sticky dibenzylphosphate and reaction byproduct residues, resulting in a final product filtration that required more than 6 days to complete.5.The resulting zwitterion product (**5z**) was subjected to exhaustive catalytic hydrogenolysis at stage 5 to remove two benzyl groups and smoothly reveal zwitterionic psilocybin (**6**). A key observation in the development of an isolation process was the identification of several antisolvents, including acetone and isopropanol, with the capacity to precipitate psilocybin from aqueous solutions in purified form; this approach would also be used in the second-generation synthesis described below.^[@ref20],[@ref24]^ A 0.65 kg input of **5z** provided just 173 g (44% yield) of crude-isolated **6** with 99.6% high-performance liquid chromatography (HPLC) purity. The loss of two benzyl groups and corresponding forfeiture of molecular weight at stage 5 highlights the less-than-optimal atom economy of this process. Subsequent final API filtration and recrystallization from boiling water to provide a consistent crystalline form of psilocybin yielded 99 g (5% overall yield from **1**) of psilocybin with 99.8% HPLC purity that met all other set specifications for API release.

Second-Generation Synthesis {#sec2.2}
---------------------------

Although the process described in the first-generation synthesis ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}) could provide multigram quantities of **6**, further scale-up under cGMP conditions presented a process variability and control challenge. To overcome the challenges encountered in the five-step synthesis, it was imperative that the following questions were addressed: \[1\] Is there a way to minimize or eliminate the tetramethyloxamide byproduct at stage 2? The detrimental downstream effect of tetramethyloxamide required excess use of LAH in stage 3. The excess LAH byproducts at work-up led to degradation of the product and variability in meeting specifications. \[2\] Is there an approach that would quickly purify psilocin (**4**), while ideally avoiding chromatography? In the development work, psilocin was found to be unstable in the presence of excess lithium salts from the LAH reduction, especially when left over the filter cake for an extended period. The quick isolation of pure psilocin could help minimize a long hold time during step three and prevent degradation. \[3\] What are suitable conditions that could allow the direct phosphorylation of psilocin (**4**) to psilocybin (**6**)? This could potentially avoid phosphorylation using TBPP with all of the drawbacks enumerated above to its use and obliviate the need for catalytic hydrogenolysis, and \[4\] can boiling water be avoided in the purification and final isolation of psilocybin given that the degradation of psilocybin to psilocin was found to be enhanced at elevated temperatures in aqueous recrystallization conditions? Taken together, these inefficiencies contributed to reduced overall yield of 5% over five chemical steps, as shown in [Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}. Consequently, a second campaign was desired to design a more robust synthesis that would allow reworking of the first three steps and direct phosphorylation of psilocin to provide purified psilocybin. The improved, second-generation synthesis based on these areas of optimization is discussed below ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}).

![Improved Second-Generation Synthesis of Psilocybin Utilizing Direct Phosphorylation](ao0c02387_0002){#sch2}

The first task was to develop a scalable process for the synthesis of acyl chloride **2** in good yield and purity. In the five-step campaign, it was telescoped into the next step and required excess use of oxalyl chloride in the acylation reaction. Excess oxalyl chloride needed to be effectively removed for the reasons outlined above in the first-generation synthesis. From the development work, the optimal conditions for the synthesis of **2** involved treatment of 4-acetoxyindole (**1**) with 1.2 equiv of oxalyl chloride at −10 °C in methyl *tert*-butyl ether (MTBE). Upon completion of the reaction, the mixture was diluted with heptane to precipitate **2** as a yellow solid. The collected solid was washed with 1:3 MTBE/heptane, ensuring that excess oxalyl chloride was completely removed. The end point of the washing was determined by checking the washes for oxalyl chloride via derivatization with aniline to permit detection by HPLC. The level was typically ≤1% after a few successive washes to provide **2** with an HPLC purity of \>98% relative peak area and isolated in 92% yield. The long-term stability of **2** was not established beyond 24 h, and it was typically used for the next step within 1 day. Having obtained **2** in a relatively stable, pure, and high yielding form, the amidation step was straightforward. Addition of dimethylamine in THF to **2** followed by triethylamine to neutralize generated HCl gave crude **3**. The use of triethylamine at this stage was an improvement over previously reported procedures that have relied on toxic pyridine for the same purpose.^[@ref22]^ Optimal conditions for the amidation step necessitated the dilution of the reaction mixture with heptane, filtration, and recrystallization from isopropanol followed by water wash. During this step, the eluting aqueous filtrate was conveniently monitored for residual triethylamine-HCl by precipitation reaction with AgNO~3~ as a visual indicator. With the optimized process, ketoamide **3** was obtained in 83% yield and \>98% area purity by HPLC.

Synthesis of Psilocin (**4**) {#sec2.3}
-----------------------------

Given the challenges in providing the consistent product at stage 3 in the first-generation process, a considerable amount of time was spent developing a process that would provide satisfactory results at scale. The stability of **4** was found to greatly depend on the processing time in solution. Degradation in solution was rapid, and the solution transitioned from colorless to dark purple rapidly. The initial approach implemented the exothermic addition of LAH to a solution of **3** in THF at 0 °C followed by refluxing and required the use of excess LAH. Under these conditions, the reaction was typically still incomplete after refluxing for 5 h. An early-eluting intermediate peak on HPLC, which was later identified as the β-hydroxy psilocin intermediate,^[@ref20]^ persisted and the reaction stalled with continued reflux. Alternatively, the reverse addition (i.e., a solution of **3** added to a solution of LAH) showed significant improvement. Furthermore, a solvent screen yielded 2-Me-THF as a promising candidate in terms of improving the reaction profile. 2-Me-THF permitted a higher reflux temperature, which both shortened the reaction time and assisted in reduction of the persistent early-eluting intermediate. Ketoamide **2** was not, however, readily soluble in 2-Me-THF so in the optimized process, **3** was added as a slurry in 2-Me-THF to a solution of LAH at \>60 °C and then heated to reflux. With this approach, the reaction was less exothermic, had an improved purity profile, and only 8% of the β-hydroxy psilocin intermediate remained after 90 min; with continued reflux, the reaction was essentially complete after 3 h.

The approach to quenching the reaction mixture was also found to be important for a successful process. A quench with water and NaOH using well-known protocols^[@ref25]−[@ref27]^ gave a strong exotherm and off-gassing. The suspension was filtered and concentrated to obtain a white to off-white solid that turned dark green rapidly with a significant amount of the product still adhered to the filter cake. Subsequent reslurry of the filter cake with a 10% solution of 7 N NH~3~ in MeOH in THF led to isolation of the product in high purity. However, the conditions still did not suppress oxidation to a dark blue colored solid over time. Further reslurry of the solid with MTBE provided an off-white solid product with improved purity. In a separate experiment, a small amount of off-white solid **3** was treated with 1 N NaOH to give a greenish solution, which could indicate formation of the sodium-phenolate of the phenolic hydroxyl group that may be strongly retained on the waste alumina salts and impede product recovery. In light of the unsuitability of the Fieser work-up, an alternative quenching protocol was developed that involved a quench with THF/H~2~O (100:27), to which were added silica gel and anhydrous sodium sulfate followed by dilution with DCM/MeOH (9:1). The mixture was filtered through a small pad of silica gel and was followed by a DCM/MeOH rinse to give a colorless solution. Additionally, longer residence time on silica gel did not appear to adversely affect the product quality or yield. The crude product was isolated by solvent swap to heptanes, which resulted in a yellow precipitate that was further purified by reslurry in heptanes and diisopropyl ether to afford an off-white solid that remained colorless initially. Discoloration of isolated **4** was time-dependent on standing. With short-term storage under ambient conditions, discoloration was not significant, but over several weeks, the darkening of the product still appeared with oxygen exposure. On the kilogram scale, the yield of the product was \>70%, with a purity of 94.4% peak area by HPLC.

Direct Phosphorylation of Psilocin to Psilocybin {#sec2.4}
------------------------------------------------

Several strategies have utilized direct phosphorylation as part of both medicinal chemistry efforts and natural product synthesis.^[@ref28]−[@ref33]^ A recent example by Kempson and co-workers at Bristol-Myers Squibb utilized direct phosphorylation in their scale-up synthesis of a potent GluN2B inhibitor and its prodrug.^[@ref34]^ The initial attempts at direct phosphorylation of **4** using various phosphorylating agents, including H~3~PO~4~/P~2~O~5~, PCl~5~, H~3~PO~4~/Cl~3~CCN, and Na~4~P~2~O~7~, failed to deliver psilocybin in isolable quantity. However, phosphorylation of **4** with POCl~3~ in THF showed promise, though it initially gave several process impurities in addition to **6** as seen by HPLC ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). Additionally, the reaction tended to form a sticky precipitate that inhibited efficient stirring. To address these initial challenges, several optimizations were introduced.

###### HPLC Relative Retention Times (RRT) of Selected Process Impurities and their Relative Percent Areas at Various Stages in the Development of the Direct Phosphorylation Reaction Using POCl~3~

![](ao0c02387_0004){#fx1}

  entry   condition                                               pyrophosphate (**10**) RRT 0.58   psilocybin (**6**) RRT 1.0              RRT 1.9                              psilocin (**4**) RRT 2.21   RRT 2.41
  ------- ------------------------------------------------------- --------------------------------- --------------------------------------- ------------------------------------ --------------------------- ----------
  1       10 min post POCl~3~ addition                            0.15                              69.46[a](#t1fn1){ref-type="table-fn"}   9.27                                 1.9                         2.08
  2       1 h post POCl~3~ addition                               0.10                              74.12[a](#t1fn1){ref-type="table-fn"}   6.77                                 1.60                        2.58
  3       2.5 h post POCl~3~ addition                             0.94                              77.31[a](#t1fn1){ref-type="table-fn"}   0.99                                 0.45                        2.23
  4       24 h after quench                                       1.18                              80.27                                   0.78                                 2.69                        11.99
  5       crude-isolated product                                  0.24                              97.61                                   0.33                                 1.38                        0.24
  6       mother liquors from isolation                           6.43                              46.01                                   1.32                                 25.32                       15.99
  7       after MeOH reslurry                                     0.11                              98.93                                   0.11                                 0.13                        0.56
  8       after 40 °C H~2~O reslurry (development scale)          0.04                              99.86                                   nd[b](#t1fn2){ref-type="table-fn"}   0.10                        nd
  9       after 40 °C H~2~O reslurry dried product (kilo-scale)   0.11                              99.55                                   nd                                   0.11                        nd

Indirect indication of formation of **7** by microquench of the aliquot prior to HPLC analysis.

Not detected.

Stoichiometry optimization indicated a smooth and complete conversion of **4** to the phosphorodichloridate intermediate **7** ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}) with 1.5 equiv POCl~3~. A key optimization was the observation that including celite in the reaction facilitated the formation of a stirrable mixture, which helped to circumvent the problematic insoluble sticky precipitate encountered in initial reactions. The reaction was monitored at various stages by performing a microquench on the aliquoted reaction mixture, then analyzing for **6** by HPLC, which indicated that consumption of **4** and the initial formation of the labile phosphorodichloridate intermediate **7** was very fast and typically near completion in the first 10 min, with undesirable side reactions also occurring relatively quickly thereafter ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entries 1--3). Stressing experiments indicated that the reaction should optimally be held for no more than 2 h, and that proceeding directly to the hydrolytic quenching step with minimal delay in hold time was critical to minimize unwanted side reactions.

![Direct Phosphorylation Showing intermediate **7** and Plausible Mechanism of Formation of Characterized Pyrophosphate Minor Impurity **10**](ao0c02387_0003){#sch3}

The hydrolysis step was completed by quenching the crude mixture containing primarily intermediate **7** into a premixed solution of 30% aqueous THF containing 6 equiv of triethylamine at ≤0 °C. Prolonged holds of the quenched reaction mixture (up to 72 h) caused slight degradation and hydrolysis of psilocybin back to psilocin. Typically, this was about 3% conversion after 24 h ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 4) and up to 15% after a 72 h hold, though high psilocin contamination was found to be tolerated and purged in downstream processing. Following the quench and hold time of at least 60 min, the resulting slurry was filtered, and the filter cake was washed with water to extract remaining **6** adhered to the celite to provide a biphasic filtrate. The upper organic phase typically contained residual **4** and was removed, with the majority of **6** in the lower aqueous phase. The aqueous phase was transferred back to the reactor, and the crude psilocybin was precipitated by addition of isopropanol followed by distillation of the solvent to a minimum volume. Crude psilocybin solid was subsequently collected by filtration from the aqueous slurry in typically 50--55% yield and 98% purity with psilocin as the highest-level impurity ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 5), where most of the psilocin and other process impurities were purged and remained in the filtrate ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 6).

Early patent data on psilocybin had indicated boiling water or methanol as useful recrystallization solvents.^[@ref35]^ With concern for the stability of psilocybin in boiling water for the extended hold times required on large-scale, thermal stability studies on psilocybin in water at 90 °C were performed, which demonstrated about 17% hydrolysis of psilocybin back to psilocin after 1 h; at a lower temperature of 70 °C, psilocybin in water was found to hydrolyze to psilocin at a rate of 3--4% per hour. The final purification was accomplished, circumventing the hydrolysis problem, by employing sequential reslurry in methanol followed by reslurry in warm (45--55 °C) H~2~O to minimize degradation. After the MeOH reslurry, the purity of the crude psilocybin was typically improved to about 98.9% ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 7) and after filtration provided the known crystalline methanol solvate^[@ref36]^ indicated by X-ray powder diffraction (XRPD) (see the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02387/suppl_file/ao0c02387_si_001.pdf)). Following the warm water reslurry, the typical purity observed in development batches (up to 90 g scale) was improved to 99.9% with all impurities below the desired specifications ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 8). From the water reslurry, XRPD demonstrated that the psilocybin was isolated as a crystalline trihydrate; the previously reported anhydrous polymorphic form^[@ref37]^ was subsequently obtained by drying the trihydrate at 45--55 °C for 24 h. Higher temperature or longer drying time was found to induce a slow conversion to another polymorphic form.

Although development data had indicated that the level of one earlier eluting impurity observed at RRT 0.58 ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}) was typically reduced during the final water reslurry step and drying process ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 8), during kilo-scale manufacturing the level of this impurity remained above the ICH Q3A guidance for unidentified impurities at 0.11%, where the target was ≤0.10% for individual unidentified impurities ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 9).^[@ref38]^ At this juncture, the identification and characterization of the impurity at RRT 0.58 were initiated. The unidentified impurity was isolated by preparative reversed-phase HPLC and subsequently characterized by high-resolution mass spectrometry and ^1^H-, ^13^C-, ^31^P-NMR, all of which ultimately supported the identification of pyrophosphate structure **10** ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}) with high confidence (full experimental details described in the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02387/suppl_file/ao0c02387_si_001.pdf)). The requirement for the excess use of POCl~3~ in the optimized conditions generated the pyrophosphate impurity by the putative mechanism outlined in [Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}. In a separate experiment, the impurity was found to hydrolyze to psilocybin in acidic aqueous environments, suggesting that it could be eliminated in future batches by a slight modification of aqueous hold times prior to product isolation. With the 0.11% pyrophosphate impurity identified, the batch met the requirements of ICH Q3A.^[@ref38]^

Conclusions {#sec3}
===========

The second-generation synthetic approach to psilocybin ultimately enabled the manufacture of 1.21 kg of API in 17% overall yield from 4-acetoxyindole with 99.7% HPLC assay purity with 31% yield for the newly developed direct phosphorylation reaction. This first production run has provided sufficient cGMP API to meet current clinical demand and represents a viable approach toward future commercial manufacture. The newly developed second-generation synthesis was designed in response to variability in the performance of known literature procedures when adapted to the required scale. The key features of the improved synthesis were an optimized three-step process to psilocin, highlighted by increased targeted purities and yields for individual products and expanded in-process controls. The final step featured a novel direct phosphorylation, which completely avoided an unacceptable protecting group strategy required by previously known procedures. The scalability, controllability, and reproducibility inherent to the newly developed procedure make it amenable to meeting current clinical and future commercial needs.

Experimental Section {#sec4}
====================

3-(2-Chloro-2-oxoacetyl)-1*H*-indol-4-yl Acetate (**2**) {#sec4.1}
--------------------------------------------------------

A solution of oxalyl chloride (4.29 kg, 33.8 mol, 1.2 equiv) in MTBE (19.8 L, 4 vol) was prepared and cooled to 0--10 °C. Another solution of 4-acetoxyindole (4.94 kg, 28.2 mol, 1 equiv) in MTBE (29.6 L, 6 vol) was prepared by stirring at 20--25 °C for 30--45 min. This was added to the oxalyl chloride solution over 60--75 min, maintaining the internal temperature within the range 0--10 °C. A bright yellow precipitate was observed ca. one-fifth way through addition, which remained throughout. The funnel was rinsed with MTBE (1.98 L, 0.4 vol) at the end of the addition. The reaction was maintained at 0--10 °C for 2--4 h, and reaction completion was monitored by HPLC targeting ≤2% area remaining 4-acetoxyindole. Heptane (26.7 L, 5.4 vol) was charged at a steady rate over 45--60 min at 0--5 °C to the reaction mixture and stirred for 60--75 min at 0--5 °C. The precipitated yellow solid was filtered under a blanket of nitrogen, and the cake was washed at 20--25 °C with MTBE/heptane (1:3) (24.68 L, 5 vol). Remaining oxalyl chloride in the wet cake was analyzed by aniline derivatization of oxalyl chloride in the wash (targeted \<1% in the wash). The product was dried for at least 30 min under N~2~ atmosphere on the filter, and the material (92% yield, 6.86 kg, 98.9% area HPLC) was used as is in the subsequent step.

3-(2-(Dimethylamino)-2-oxoacetyl)-1*H*-indol-4-yl Acetate (**3**) {#sec4.2}
-----------------------------------------------------------------

Tetrahydrofuran (73 L, 10.7 vol) was charged to the vessel containing 3-(2-chloro-2-oxoacetyl)-1*H*-indol-4-yl acetate (6.81 kg, 25.6 mol, 1 equiv) under N~2~ atmosphere and stirred until complete dissolution. The mixture was cooled to 0--5 °C under a nitrogen atmosphere. A solution of 2 M dimethylamine in THF (13.1 kg, 30.7 mol, 1.2 equiv) was added over 1 h at 0--10 °C via a dip pipe (to prevent dimethylamine hydrochloride precipitating in the reactor headspace). The solution turned to a slurry during the addition. Triethylamine (3.19 kg, 31.53 mol, 1.23 equiv) diluted in tetrahydrofuran (12.3 L, 1.8 vol) was charged over at least 30 min at 0--10 °C followed by tetrahydrofuran (12.3 L, 1.8 vol) to rinse the addition line. The mixture was warmed to 15--20 °C and stirred for at least 3 h. Heptane (90.7 L, 13.3 vol) was charged over at least 30 min at 15--20 °C (a stirrable suspension is afforded). The mixture was cooled to 0--5 °C over at least 30 min and maintained within this temperature range for at least 1 h. The mixture was filtered under a N~2~ blanket (prevents tendency to darken at the surface) and washed with heptane at 15--20 °C (27.3 L, 2 vol). The solid was pulled dry under vacuum and nitrogen blanket for at least 15 min until no more filtration liquors were observed. The wet cake was discharged to the vessel and 2-propanol (81.8 L, 12 vol) was added. The mixture was heated to 80--85 °C and held for 15--60 min until a complete solution was formed. The vessel was cooled down to 18--22 °C over at least 2 h (typically precipitation occurs at 65--70 °C). The slurry was further cooled to 0--5 °C over at least 30 min and maintained within this temperature range for at least 30 min. The mixture was filtered, washed with 2-propanol (13.6 L, 2 vol) at 0--10 °C, and pulled dry under vacuum for at least 15 min. The solid was washed with water (3 × 17.1 L, 3 × 2.5 vol) at 5--10 °C and then with heptane (2 × 13.6 L, 2 × 2 vol) at 10--20 °C. The solid was dried for at least 16 h in vacuo at 35--40 °C to afford the desired compound (83% yield, 5.83 kg, 99.7% area HPLC). The solid was stored at 20 °C protected from light and moisture.

(2-(Dimethylamino)ethyl)-1*H*-indol-4-ol (**4**) {#sec4.3}
------------------------------------------------

To a clean, dry reactor under a nitrogen atmosphere was charged 3-(2-(dimethylamino)-2-oxoacetyl)-1*H*-indol-4-yl acetate (5.70 kg, 20.8 mol, 1 equiv) followed by 2-Me-THF (68.4 L, 12 vol) at 20--25 °C. The vessel was heated to 62--74 °C, and a yellow-colored slurry was observed. To the slurry, LiAlH~4~ (2.4 M in THF) (29.4 kg, 77.9 mol, 3.75 equiv) was carefully charged over at least 150 min, maintaining the internal temperature at 62--74 °C (target 67 °C). This charge was exothermic. The thick yellow mixture was heated to 74--80 °C and held at this temperature for at least 4 h. The vessel was cooled to 20--25 °C and THF (14.3 L, 2.5 vol) was slowly charged to dilute the reaction mixture. The reaction contents were cooled to 0--20 °C and the mixture was slowly quenched with a solution of THF/H~2~O (100:27) (28.5 L, 5 vol), maintaining the internal temperature at 0--20 °C. Note: the quench is very exothermic and gas evolution is observed. Typically, the reaction mixture turns to yellow/green in color. The quenched mixture was stirred for at least 15--30 min at 0--20 °C to ensure that any material stuck to the vessel walls is exposed to the quench solvent. Silica gel (5.70 kg, 1 wt) and anhydrous sodium sulfate (5.70 kg, 1 wt) were charged to the reaction mixture. The temperature of the reaction contents was adjusted to 20--25 °C. A solution of DCM/MeOH (90:10) (5.70 L, 10 vol) was charged to the reaction mixture. This charge is slightly exothermic, and the reaction mixture typically turns green in color. To a pad of celite (depth ca. 3--4 cm) and with a filter cloth on top was poured the reaction mixture and the filtrate was drummed up to avoid unnecessary air exposure. The reactor contents and celite pad were washed in turn with 2 × DCM/MeOH (90:10) (2 × 114 L, 20 vol) and the respective filtrates drummed up separately. The filtrates were poured in turn through a pad of silica (28.5 kg, 5 wt) and the pad was washed with 4 × DCM/MeOH (90:10) (4 × 114 L, 20 vol). The combined filtrates were concentrated to 5 vol, maintaining the internal temperature \<50 °C. Heptane (57.0 L, 10 vol) was charged to the reactor and concentrated to 5 vol again, maintaining the internal temperature \<50 °C whereupon the product precipitated. The reactor contents were heated to 35--45 °C, and diisopropyl ether (28.5 L, 5 vol) was charged to the reactor at 35--45 °C. The vessel was cooled to 20--25 °C over at least 2 h. The resultant yellow-colored slurry was stirred for at least 12 h. The mixture was filtered under the nitrogen atmosphere and washed twice with heptane/diisopropyl ether (4:1) (11.4 L, 2 vol). The wet cake was pulled dry under the nitrogen atmosphere for at least 30 min and the solid was dried under vacuum at 30--40 °C for at least 24 h affording an off-white solid (73% yield, 3.09 kg, 94.4% area HPLC).

3-(2-(Dimethylamino)ethyl)-1*H*-indol-4-yl Dihydrogen Phosphate (**6**) {#sec4.4}
-----------------------------------------------------------------------

To a clean, dry reactor under a nitrogen atmosphere were charged THF (28.0 L, 10 vol) and phosphorus oxychloride (3.15 kg, 20.6 mol, 1.5 equiv) at 20--25 °C. This charge is not exothermic. The vessel was cooled to −5 to −15 °C. Separately, to a second clean, dry reactor under the nitrogen atmosphere was charged psilocin (2.80 kg, 13.7 mol, 1 equiv) and celite (2.80 kg, 1 wt) followed by THF (42.0 L, 15 vol). The resultant slurry was held at 18--25 °C for at least 2 h. The reactor contents were then cooled to 0 to −15 °C. The psilocin/celite/THF slurry was slowly charged to the POCl~3~ solution via the pump while maintaining the internal temperature at −15 to 0 °C. This charge is exothermic. The mixture was stirred for ideally no more than 2 h at −15 to 0 °C. Longer holds are possible if the reaction mixture is maintained at the lower end of the temperature range. During this time, to a clean reactor was prepared a quench solution of THF/H~2~O (70:30) (28.0 L, 10 vol) and Et~3~N (8.32 kg, 82.2 mol, 6 equiv). The vessel containing the quench mixture was cooled to −20 to 0 °C, and the crude psilocin reaction mixture was slowly added into the THF/H~2~O/Et~3~N solution, maintaining the internal temperature at −20 to 0 °C. THF (2 × 5.60 L, 2 × 2 vol) was charged to the psilocin reactor, cooled to 0 to −5 °C, and used as a rinse into the quench medium, maintaining the internal temperature of the quenched mixture at −20 to 0 °C. Purified water (8.40 L, 3 vol) was charged to the psilocin reactor, cooled to 2--7 °C, and used as a rinse into the quench medium, maintaining the internal temperature at −20 to 0 °C. The mixture was stirred at −20 to 0 °C for at least 60 min. The mixture was filtered and the cake was washed with water at 5--10 °C (2 × 5.60 L, 2 × 2 vol). This was to dissolve any psilocybin stuck to the celite cake, and the filtration was typically fast. The biphasic filtrate was transferred back to the reactor. A rinse with water (1.40 L, 0.5 vol) can be used as part of the transfer. The temperature was adjusted to 18--25 °C, and the lower aqueous phase was separated. The organic phase was removed. The lower aqueous phase contains psilocybin and the upper organic phase typically contains residual psilocin. The aqueous phase was transferred back to the reactor. A rinse with water (1.40 L, 0.5 vol) can be used as part of the transfer. IPA (28.0 L, 10 vol) was charged to the aqueous phase. The mixture was concentrated at \<45 °C internal temp to ca. 5 vol of the remaining water. Further additions of IPA (14.0 L, 5 vol) or purified water (5.60 L, 2 vol) can be added to aid azeotropic distillation of water. Upon reaching the aqueous distillation, volume purified water (14.0 L, 5 vol) was charged at 18--25 °C and the solution was stirred for at least 24 h. Psilocybin normally precipitates at this time. The reactor contents were filtered under the nitrogen atmosphere and the cake was washed with cold (2--6 °C) purified water (2 × 5.60 L, 2 × 2 vol) and pulled dry for at least 60 min under the nitrogen atmosphere. The solid was dried at 35--45 °C under vacuum for at least 24 h. The crude psilocybin was charged to a clean, dry reactor under the nitrogen atmosphere at 20--25 °C. Methanol (10 vol, based on crude psilocybin discharge weight) was charged to the reactor at 20--25 °C and the contents were stirred for at least 12 h at 20--25 °C. The mixture was filtered under nitrogen and the cake rinsed with methanol (2 × 1.5 vol, based on crude psilocybin discharge weight) at 20--25 °C. The solid was pulled dry for at least 2 h under nitrogen then charged to a clean, dry reactor under the nitrogen atmosphere. Purified water (10 vol, based on crude psilocybin discharge weight) was charged to the reactor at 20--25 °C, and the contents were heated to 45--55 °C for at least 24 h. The contents were cooled to 20--30 °C at a rate of 10 degrees per hour and held for at least 2 h. The mixture was filtered under the nitrogen atmosphere and washed in turn with 20--25 °C purified water (1 × 1 vol, 1 × 2 vol) (based on crude psilocybin discharge weight) and pulled dry under the nitrogen atmosphere for at least 2 h. The solid was dried at 35--45 °C under vacuum for at least 24 h and subsequently at 50--60 °C (target 55 °C) under vacuum for at least 24 h. This is to convert the trihydrate form initially isolated to the desired anhydrate form A by XRPD. A white solid was afforded (31% yield, 1.21 kg, 99.7% area ultraperformance liquid chromatography (UPLC)).
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